Molecular biological analysis was carried out to clarify the relationship between the induction of bulb formation and the induction of bulb dormancy in geophytes. Gene fragments induced by low temperature or ABA during bulb formation in hyacinth (Hyacinthus orientalis L.) have been obtained with differential display. cDNA clones were obtained from 18 specific gene fragments induced by low temperature or ABA, and they were designated as HL clones. The partial sequences of the HL clones clarified that eight of the 18 (two by low temperature and by ABA and six by low temperature only) HL clones had over 80% identity with identified sequences with FASTA program. Six HL clones of cDNA induced by low temperature and by ABA were homologous to genome DNA of Arabidopsis thaliana or Oryza sativa. Three HL clones showed partial identity with starch phosphorylase gene of Ipomoea batatas. Some HL clones were homologous to genes or mRNAs of which the function had been suggested. It is also possible that HL clones of which the functions were not clarified are novel genes related to bulb formation.
INTRODUCTION
Observations of growth behaviors in various geophytes and physiological analyses have been examined for the study of bulb formation and bulb dormancy. Okubo (2000) has proposed the concept of dormancy in which the induction of bulb dormancy and induction of bulb formation in bulbous plants are the same phenomenon. Application of molecular biological analysis to the studies of bulb dormancy can provide further understanding the mechanism of bulb dormancy. The control of bulb dormancy probably involves the action of specific genes, which in turn respond to particular environmental and hormonal stimulation.
Bulb formation of hyacinth (Hyacinthus orientalis L.) plants cultured in vitro was induced by low temperature and regulated by ABA (Ii et al., 2001a) . cDNA fragments induced by low temperature or ABA during bulb formation in hyacinth have been obtained with differential display. Some of these fragments may be involved in the regulation of bulb formation. Further analysis of such differentially expressed genes may prove to be important regulators of bulb dormancy and help understanding the relationship between bulb formation and induction of bulb dormancy in geophytes.
Sequence analysis is one of the methods to characterize novel genes. ER5, a novel tomato ethylene-responsive cDNA, was isolated by differential display (Zegzouti et al., 1997) . The DNA sequence analysis showed that ER5 has strong homologies to members of the atypical hydrophobic group of the LEA protein family and encoded a predominantly hydrophobic protein. DNA sequence provides useful information such as homology with known genes or structure and function of novel genes.
It is necessary that DNA amplified fragments by PCR reaction are inserted to plasmids and cloning of DNAs are conducted by increase of the bacteria containing the plasmids to develop the analyses of novel genes. To begin with the cloning of specific cDNA fragments induced by low temperature and ABA in hyacinth was conducted, and 576 then sequence analysis was examined in this study to obtain a better understanding of their roles.
MATERIALS AND METHODS

Plant Materials and Culture Conditions
Hyacinth (Hyacinthus orientalis L. cv. Delft Blue, 16 cm in circumference) bulbs were used as previously reported (Ii et al., 2001a) . For the cold treatment, the initial explants, prepared from immature leaves cultured in vitro on MS medium (Murashige and Skoog, 1962) with 1 mg l -1 indolebutyric acid (IBA), were treated for eight weeks at 5°C in the dark or maintained at 25°C in continuous light. After eight weeks, shoot explants were taken from the initial explants and cultured on the multiplication medium containing 0.01 mg l -1 α-naphthalene acetic acid (NAA) and 1 mg l -1 6-benzylaminopurine (BA). The explants were sampled from 10 days to 12 weeks after culture initiation. For the ABA treatment, shoot explants without cold treatment were cultured on multiplication medium containing 0 mg l -1 or 1.0 mg l -1 ABA at 25°C in the light. The explants were collected from two to 10 weeks after culture initiation. The harvested explants were frozen in liquid nitrogen and stored at -80°C until RNA extraction.
RNA Extraction and Differential Display
Total RNA was extracted from the shoots of the frozen explants using the RNeasy Plant Mini Kit and the RNase-Free DNase Set (QIAGEN). Differential display was used to isolate low temperature-or ABA-responding cDNA fragments as shown in the previous report (Ii et al., 2001b) .
Gel Electrophoresis and Gel Extraction
Specific fragments expressed by the cold treatment were excised from the gel, extracted by centrifugation, and re-amplified by PCR with the respective arbitrary primers. The products of PCR were resolved by electrophoresis in 1.0% low-melting-temperature agarose gels (FMC). Specific fragments from the PCR were cut out from the agarose gels, and gel extraction was examined using QIAquick Gel Extraction Kit (QIAGEN).
Ligation and Transformation
Ligation and transformation reactions were performed using the pGEM ® -T Easy Vector System and Escherichia coli JM109 competent cells as per manufacturer instructions (Promega).
Sequence Analysis
cDNAs were sequenced in the forward and reverse directions by Shimadzu capillary DNA sequencer RISA-384 system (Japan). The recombinant plasmids were sequenced using the M13-20 primer and M13-Reverse primer. The sequences were analyzed with the program DNASIS-Mac (Hitachi Software Engineering). Homology searches of sequences in databases were conducted in the GenBank database.
RESULTS
cDNA clones were obtained from six specific fragments common to both the cold and ABA treatments and 12 specific fragments in the cold treatments for 10 days, three, seven and eight weeks. The line of these clones was designated here as HL (HyacinthLow temperature responsive gene) ( Table 1) .
Sequence analysis of common six cDNAs induced by low temperature and ABA and other 12 cDNAs induced by low temperature was carried out. Database searches provided homology with listed sequences with FASTA program (Pearsan and Lipman, 1988) in data bank. The homologous sequences showing the maximum identity and over 80% identity in each HL clone were listed. Eight HL clones showed over 80% homology with identified sequences.
The clones induced by low temperature and ABA were 64 to 86% homologous to listed sequences (Table 2) . Homologous sequences were almost genomic DNAs of Arabidopsis thaliana and Oryza sativa for which no functions have yet been determined. HL6 showed homology to GDCST gene of Flaveria trinervia in 83% identity. The GDCST gene encodes T-protein of the glycine cleavage system in the C 4 plant F. trinevia. Maximum matching in DNASIS-Mac was carried out and the GDCST gene sequence was obtained from GenBank database. The sequence analysis showed low identity between HL6 and GDCST gene.
Sequence homology with the HL clones specific only in the cold treatment with FASTA program is shown in Table 3 . These clones had 64 to 100% identity with listed sequences. Nine HL clones showed over 80% homology, and most of the homologous sequences were genome sequence. HL8, 17 and 18 were 100% homologous to starch phosphorylase gene of Ipomoea batatas (sweet potato). Maximum matching in DNASIS-Mac showed partial identity between three hyacinth clones and starch phosphorylase gene of I. batatas, respectively (Fig. 1) .
HL clones were also homologous to genes or mRNAs of which the function was suggested with FASTA program (Table 4) . These genes or mRNAs encode various proteins or relate to plant regulators. The identities between HL clones and such known genes or mRNAs were lower to 56-73%.
DISCUSSION
Molecular biological analysis was initiated in this study to clarify the relationship between the induction of bulb formation and the induction of bulb dormancy in geophytes.
Many specific cDNA fragments in the cold and ABA treatments were obtained by differential display. Specific amplified gene fragments expressed similarly both in the cold and ABA treatments were detected to isolate the genes that are directly related to bulb formation in hyacinth. Sequence analyses were carried out to characterize these gene fragments. The homologous sequences to these HL clones with FASTA program were almost genome DNAs for which the functions have been unknown. The function of these genes or relation to bulb formation in hyacinth could not be clarified. It is possible that they are the fragments of novel genes.
Bulb formation in hyacinth is induced by the change of endogenous ABA content increased by low temperature (Ii et al., 2001a) . It was suggested that the regulation of gene expression by the cold treatment was initiated at an early stage before the commencement of bulb formation (Ii et al., 2001b) . It was also possible that undetectable endogenous ABA or precursor of ABA (mevalonic acid or carotenoids) is produced at early stage in 5°C explants. The specific gene fragments only in the cold treatment might include the genes expressed before the increase of endogenous ABA content during bulb formation in hyacinth. Thus, sequence homology studies on these fragments were carried out.
The partial sequence of HL8, 17 and 18 showed 100% homology with starch phosphorylase gene of I. batatas with FASTA program. The starch phosphorylase in the growing I. batatas root could be involved in starch synthesis, and the gene structure was investigated (Lin et al., 1995) . An in vitro tuberization system based on single-node cuttings containing an axillary bud in Solanum tuberosum (Irish potato) was also used to investigate the activity patterns of enzymes, including starch phosphorylase (Appeldoorn et al., 1999) . The tuberizing condition was obtainable with 8% sucrose treatment, whereas non-tuberizing conditions were obtainable with 1% sucrose treatment or 8% sucrose treatment plus 1mM GA 4/7 . Starch phosphorylase in S. tuberosum showed a large increase after tuber initiation, and its increase paralleled the accumulation of starch in the growing tuber. Hyacinth plants accumulate starch as food reserve in their bulb scales when swelling (Saniewski, 1975) . It is likely that the accumulation of starch occurs also in the growing bulb and the genes controlling starch synthesis are expressed in the early stage during bulb formation. In this study, HL8 were expressed in the early stage of the cold treatment, and HL17 and 18 were observed just after the completion of the cold treatment.
Some explanations of other HL clones were obtained in this study. HL12 has 59% homology with Lea 4-A gene (D19) from Gossypium hirsutum. Lea genes code for mRNAs and proteins that are late embryogenesis abundant in higher plant seed embryos (Baker et al., 1988) . They are induced by ABA and desiccation, and related to maintenance of seed dormancy. HL12 might have similar functions in hyacinth, although the identity was low. HL5, 6, 8 and 9 were approximately 60% homologous with glycine-rich protein genes or mRNAs with FASTA program. HL6 and 9 were induced by low temperature and ABA. Most of the glycine-rich proteins are known to structural proteins present in plant cell-walls (Quigley et al., 1991) . The gene from A. thaliana (accession no. X58338) showed the highest level in rosettes before the start of stem elongation. Since rosetting as well as bulbing is considered as one of the dormancy phenomena (Okubo, 2000) , this gene is also possibly related to dormancy. Another glycine-rich protein gene from A. thaliana (accession no. S47414) showed increased transcript levels from flooding stress. The expression of glycine-rich protein genes appears to be influenced by external stimuli such as wounding, water stress, salicylic acid, light, virus infection and also ABA (De Oliveira et al., 1990) . A gene in maize responsive to ABA, called RAB-17, encodes glycine-rich protein (Vilardell et al., 1990) . It is possible that HL clones showing the homology with glycine-rich protein genes or mRNAs are related to ABA induced by the stress of low temperature.
HL6, the clone of cDNA expressed both in the cold and ABA treatments, showed homology with the gene regulating gibberellin biosynthesis in Pisum sativum L. (Martin et al., 1996) with FASTA program. HL17 was homologous to mRNA for alpha-amylase in aleurone cells of Hordeum vulgare which is stimulated with gibberellic acid (Rogers and Milliman, 1984) with FASTA program. These hyacinth clones seem to be related to gibberellic acid and HL17 may be induced during starch synthesis in bulb formation in hyacinth plants. In addition to these, HL14 showed homology with Pisum vulgaris mRNA for prolin-rich protein expressed by fungal elicitor and wounding (Sheng et al., 1991) with FASTA program. Proline-rich proteins have been isolated from several plant species, although the physiological function is currently unclear (Ogawa et al., 1999) . Gibberellin-responsive gene in Zea mays, ZmGR1a, encoded a novel polypeptide which is rich in proline. Since ABA counteracted GA in ZmGR1a transcript accumulation, it was suggested that gene expression is regulated by well-tuned balance between GA and ABA as is the case for alpha-amylase gene in aleurone tissues (Jacobsen and Beach, 1985) . It is possible that gibberellin biosynthesis occurred also in the early stage of bulb formation in hyacinth plants.
Sequence analysis provided some clues as to the character of the HL clones. Function of the most of the HL clones, however, could not be clarified, and it is possible that novel genes controlling bulb formation were detected in this study. The information obtained in this study is not enough to isolate the genes controlling the bulb formation, and, therefore, the further investigation of specific gene fragments by low temperature and ABA should be made. 
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